- ' N | R
Declassified in Part - Sanitized Copy Approved for Release 2012/10,/16 CIA- RDP79800873A000800020080 7

Y

DEVELOPMENT
OF A

VARIABLE GAMMA-PRODUCT REVERSAL PROCESSING SYSTEM

A technique for detecting small changes between two photo-

~graphs of a similar scene requires control ofvthe_gamia—product
produced in the black and white reversal processing system*. It
was desirable to have gamma-products of 0.5, 1.0 and 2.0, there-
- by allowing'the'illuminatidn difference to be represented as the

square root, linear or square of the original scene illumination.

Variable gamma-products afford control to the'experimenter‘for

enhancing the sééne-differences. A further reguirement df the
processing szstem was méxlmum scale (long straight- llne oortlon
of D log E curve) and mlnlmumvcoe and shoulder, The scale of the
negative and positive subsequently produced by the reversal syé—
tem should be of equal magnitudes to insure complete transfer of
orlglnal scene information.

The»processing system used for accompiishing these black and

- white reversal characteristics is not unconventional. The formu~

lations are designed to provide gamma-product control by time and
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‘temperature processing of the negative image followed by a com-~ |

pletion developer fixing solution; Selecrion of the-appropriate
time and temperature for the first developer in combination with
the appropriate second developer—fixer solution determines the
gamma-product to be obtaihed{

' Our work has employed Kodak Plus-X 35mm film for the devel- o
oper formulation studies. The first deveioper is a low-gamma-
phenidone—hydroquinone formulation With.a small amount of silver.
halide solvent included to control layer capa01ty and gamma. The
fllm is processed 1n a first developer whlch is followed by a stop
bath and washlng;,after which the negative may be fixed normally
or bleached in an acidic potassium dichromate SOlotion. After

- washing, which follows the bleach 'solution, the film is immersed
in a.clearing'bath. The olearing bath removes the soluble silver
salts and prepares the emulsionvleyerwfor subsequent development
and fixation..lRe—exposure ma? be”effeotedfby room light or by an
organic fogging agent, such as t-butylamine boraﬁe, which is com-
pounded in the clearing-barh solution.

Depending upon the gamma-product des1red one of three second
developer formulations is used and processed for one time and
temperature. U51nq a completlon second developer-fix relleves
the necessity for strict control of processing after the first
development step has been completeq. Chemical treatment_effected'
in the clearing.bath insures maximum scale, of the same magﬁitude
as the negative imaées, in addition to controlling the base + fog

‘of the positive image.
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A\:\ PHOTOGRAPHIC TECHNIQUE FOR CHANGE DETECTION
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Summary

The photographic process lends itself readily to the problem of detecting sméﬂ '
changes or differences in two photograp'hic_records of a scene. When tWQ successiize
photographs of the same general scene are taken sequentially (with-a finite time
interval between), it is possible to isolate small, low-contrast differences. Thé
technique is limited to the linear portion of the material's characteristic éurve, and
depends on experimental adjustment of the processing and illumination constants.
Before establishing the necessary analytical relations, it Will b‘e‘essen‘cial to

develop some preliminary ideas. These are the basic relations which exist between

the photographic exposure and its resultant transmittance, irrespective of transfer

~—function.

Preliminary Considerations:

1). The non-linear relation between exposure and transmittance i{s‘

TE=2 [E®H]

2) The proportionality between exposure and transmittance with two-step

(or reversal) processing, is .

T®=b [ER]I2,
and when -

7172-=i ,

the relation is linear.

3) Linear transmittance variations can be eliminated through trans-illumination

of a superimposed negative/positive transparency pair, the necessary condition for

‘which is that the gamma of the second process must be unity.
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4) An exposure can be described in terms of its "ac" and "dc" parts:
E(h) p +qE) ,

f ' - and the resulting transmittance in these terms is

.- : ) — 1_7 v . . R -

=Y ' '
= a;p [ Y CI®:] ,

for a low-contrast scene. The average transmittance is then given by

TX) = alp-y .

5) Linear transmittance variations can be eliminated by simultaneous pro-.
jection of a negative/positive transparency pair, so that their screened images are
in register. Both illumination systems can be adjusted in brightness (b1 and by), so

. that for

T12(X) = constant,

= (B Tl(f)]
"2 <b2> [Tz(}'{') '

or

Change Detection:

The technique of ehan e detection can now be developed. We consider two
photocrraphlc transparencies of the same scene, taken with a finite time lapse between

them. We must use a posxtl_ve for one of them. The transparencies are charactemzed

by

T1® = a [(E1:®@]7"L; T3® = a3 [Eo® 17273 e
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// ~For this pair, using E'J-(X) =pj + (X, and the low-contrast approximation
‘ ‘ . . -y . Yn‘« -
// T1(® =arp; *; T3(® = agpy'273

s

‘We confine the small change to be detected to the "ac' portion of the signal,
and w_ill locate it in the second transparency. Thus,

WE =+ € | -

where
@ <<y &

The dissimilarities existing between the two transparencies by virtue of their

having been modified by different modulation transfer functions will be assumed small, -
and of no significance for these considerations.

When the transparencies are superimposed, in register,

T13(x) = [T1® T3®]

YL 7273 Y273
-2 -28) g @ + €
[' (Pl B2 ) 18+

Y 72Y3 Y172v3° o ] T
X) = —— Q1 (X)e(X) = —/mm Qg X :
X) P1oD 1X) &) Pipa. 17X

"The linear term in q; (X) vanishes when

Y1 _ Y273

P P2

Since the two-step (oi' reversal) processing of T3 (X) permits exposure adjustment

so that p; can be made equal to pg, the necessary processing conditions are

_h=&mF-
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The cross-product vanishes by an order-of-magnitude argument. However, the
/ cuadratic version of the original scene is still present, and the change, being small,
/ could easily be hidden in this noise.

If the two transparencies are now projected (separately, but simultaneously),
so that their screened images are in register, and with brightness byand by, the =

resultant imagé will be prdportional to

When we employ the low-contrast approximation,

Yo Y —— vov3  by7 .
273 ¢® +i}2 T3®) 523 Nt 50 % Tl(ﬁ)] u® -

T x=bTx+bTx]+bTx
_13(_) [: 1) + by T3(x) 2 3(X) Bs BT

The necessary condition that the scene information vanish and leave only the change
is |

Y978 TmTA 4 e
b Tax)=by — Ti&
rpy 3@ =Pg Til®
or R S : ) - . _ . :
. | . o
o1y =7y || . [P2]iby
o T3(x) D bo

Now the coefficient of vy contains only constants, two of which (b1 and bo)

can be c.ontinuouély adjusted in the projection step. Thus, by varying the relative
illumination strength of the two _projéction systems, the value of the coefficient can

be made equal to unity, and .

71 = Y273

as before, or

n) [RE] ) [@.3]
b T LTi® ] [p2 "
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Then
T s b T s b T - N
T{3® =by T1(® + by T3 + by T3(X) _plz ex)=C [1 +2_p_2 e(i)] .
" Thus, the original scene illuminance distribution has been eliminated, and
the projection image now contains.oﬁly the differences. The information exists at
extremely low contrast, and must be amplified through subsequent high-gamma printing,

or by image intensification techniques. The key to the change detection process is

control of the brocessing constants, the gammas, and the adjustment of the projection o

beam projection brightnesses. There is a trade-off bet\zﬁreen processing constants

and beam brightnessés which eases thé requirement for extreme preci__sion‘on the
gamma-product. On the other hand, it is best not to have the beams differ too much
in brightness for rea.sons of relative Visibility. Since the photographic cbnstants can be
eésily controlled, precision on the gamma-product can be routinely obtained through

a reversal system. Then the 1ight—balancing constitutes only a small, final correction

TTh—

to compensate for the variation in average transmittances.
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